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I.  IBTRODUCTICR 


The  corrosion  problem  is  one  ■which  has  attracted  a  great  deal  of  atten- 
tion; especially  within  recent  years  when  the  advance  of  Industry  has 
necessitated  the  development  of  the  use  of  the  metals  and  their  alloys  and 
has  placed  upon  them  ever  increasing  demands  for  durability,     The  phases  of 
the  corrosion  problem  are  as  many  and  varied  as  are  the  natural  conditions  of 
earth,  atmosphere  and  water,  not  to  mention  the  great  number  of  what  might  be 
called  artificial  conditions  existent  in  the  Industrial  world. 

This  work  includes  a  short  selective  study  of  acid  resisting  alloys,  a 
study  of  the  corrosive  action  on  iron  of  sulfates  in  neutral  or  alkaline  solu- 
tions, and  an  examination  of  boiler  concentrates  from  boilers  using  a  feed 
water  containing  sodium  carbonate,  with  a  view  to  determining  the  presence  of 
formates. 

The  examination  of  acid  resisting  alloys  was  undertaken  at  the  suggestion 
of  the  Director  of  the  Illinois  State  Water  Survey  in  an  effort  to  find  a  suit- 
able alloy  which  could  be  used  in  pumps  and  liners  used  for  the  hoisting  of 
waters  from  Illinois  coal  mines.     These  waters  often  contain  considerable 
quantities  of  free  sulfuric  acid  formed  by  the  oxidation  of  iron  pyrites  occur- 
ring with  the  coal.    The  work  was  carried  on  with  special  references  to  a  water 
from  the  sump  of  a  coal  mine  at  Spring  Valley,  Illinois.    This  water,  for  a 
period,  had  been  extremely  corrosive;  it  being  found  necessary  to  renew  the 
liners  at  intervals  of  a  week  or  less.    Some  time  later,  a  drift  of  limestone 
was  apparently  encountered  for  the  analysis  of  the  water  showed  a  great  in- 
crease in  calcium  and  magnesium  content  and  a  slight  alkalinity.     Samples  of 
various  acid  resisting  alloys,  wnich  promised  to  be  applicable  to  this  use, 
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were  obtained  and  tested  with  water  synthesized  from  the  analyses  of  the  acid 
and  alkaline  water  from  this  source. 

1 

Within  recent  years  there  have  been  more  frequently  occurring  instances 
where  it  has  been  found  necessary  and  even  desirable  to  use  waters  from  streams 
containing  mine  drainage,  or  water  from  deserted  shafts  or  sumps.  These 
waters  are,  as  a  rule,  highly  mineralized  and  contain  large  amounts  of  sulfates 
which  are  not  removed  by  the  methods  of  treatment  for  neutralizing  and  soften- 
ing which  are  now  commonly  used. 

2 

Various  observations    have  been  made  of  the  peculiar  corrosive  properties 
of  comparatively  soft  waters  containing  large  amounts  of  sulfates.  Corrosion 
by  these  waters  causes  great  losses  in  leakage  from  mains  and  there  is  always 
the  possibility  of  contamination  of  the  water  supply,  especially  in  the  case 
of  suction  mains.    It  was  suggested  to  the  writer  that  this  corrosive  action 
might  be  due  to  an  oxidizing  action  of  the  sulfates  and  this  work  was  carried 
out  with  a  view  to  determining  whether  sulfates  could  be  considered  as  a 
potential  source  of  oxygen  in  the  corrosion  of  iron. 

It  has  been  observed  for  some  wime  that  certain  condensed  waters  from 
pressure  boilers  were  very  corrosive  to  the  tubes  in  the  economizers  and  super- 
heaters.   This  was  generally  supposed  to  be  due  to  the  presence  of  carbonic 

acid  from  the  dissolved  carbon  dioxide  in  the  feed  waters.    A  recent  work  by  J.H 
3 

Paul     has  suggested  that  organic  compounds,  which  he  thought  to  be  formates, 

1*  Heuman.  Minn.  &  Eng.  World  45 ,  985. 
Campbell  -  Coal  Age  J3,  874. 

2.  Clark  and  Gage  -  Eng.  Rec.  65  ,  545 
Campbell  -  Eng.  Hews  72,  255. 

Friend  and  Barnett  -  Chem.  Trade  Jour.  56,  435. 

W.S.P.  293  pp.  558-562. 

Jones  -  Eng.  &  Min.  Jour.  64,  368. 

Friend  -  Corrosion  of  iron  and  Steel  -  p.  36. 

Friend  &  Barnett  -  Jour,  iron  &  Steel  Inst.  £1,  1915. 

3.  Paul  -  Boiler  Chemistry  &  Feed  Water  Supplies. 
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were  formed  in  "boilers  using  a  feed  water  containing  sodium  carbonate.  He 
states  that  this  corrosion  "by  the  condensates  is  effected  by  organic  acids, 
part  of  which  at  least  is  formic  acid.    As  the  drift  in  Illinois  furnishes  a 
water  containing  sodium  carbonate,  water  from  a  number  of  boilers  were  examined 
for  the  presence  of  formates. 
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II.  HISTORICAL  AND  THEORETICAL. 
Part  1. 

4 

The  source    of  the  acid  which  is  characteristic  of  coal  mine  -waters  of 

Illinois  has  been  understood  for  some  time.    These  waters  contain  considerable 
quantities  of  "free"  acid  in  the  form  of  sulfuric  acid  and  also  considerable 

"reserve"  acidity  in  the  form  of  sulfates  of  iron  and  aluminium.     This  acid  is 

derived  from  the  iron  pyrites  which  occur  with  the  coal.     Upon  exposure  to  the 

air  the  sulfides  are  oxidized  to  sulphates  which  hydrolyze  to  give  free  sulfuric 

acid  and  the  hydroxide  of  iron.    This  oxidation  may  be  represented  by  -the 

following  equations. 

FeS2  +  40g  +  (HeSO*)  =  2FeS0*  +  (H2SO4) 
4FeS04  +  02  +  2H2SO4  «=  2Fefi(S04)3  +  2HeO 
Fe2(S04)s  +  6HGH  =  2Fe(QH)3  +  SHsSO* 

Unless  there  is  an  adjacent  stratum  of  limestone  to  neutralize  the  free 

5 

acid,  these  mine  waters  are  very  corrosive.    Various  kinds  of  piping   and  liners 
have  been  tried  but  with  no  great  degree  of  success,    very  recently  some  new 
alloys  especially  the  high  silicon  alloys  have  been  developed  to  meet  the  demand 
for  acid  resisting  materials.    Samples  of  a  number  of  these  alloys  were  ob- 
tained and  treated  with  synthesized  mine  waters  to  determine  their  applicability 
for  that  purpose. 

Part  II. 

There  have  been  a  number  of  theories  advanced  as  to  the  cause  of  the 
corrosion  of  iron  by  water.    Some  of  these  have  been  generally  discarded,  but 

others  have  been  stoutly  supported  by  some  individuals  while  rejected  by  others. 

4.  W.S.P.  293  pp.  558-562. 

5.  L.J.W.  Jones.  Eng.  &  Mining  Journal  64,  368. 
Mining  &  Eng.  World  42.  513. 
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The  various  theories  are: 

1.  Simple  Oxide  Theory. 

At  an  early  period,  the  process  of  rusting  was  regarded  as  an  ideal 

6 

example  of  simple  oxidation.       This  theory  was  soon  discarded,  however,  "by  the 
discovery  of  the  fact  that  liquid  water  was  essential  to  corrosion  as  well  as 
air  or  oxygen. 

II.  The  Acid  Theory. 

The  originator  of  this  theory  is  generally  admitted  to  be  Crace 

7 

Calvert.     The  acid  theory,  or,  as  it  is  more  commonly,  though  perhaps  incorrect 
ly  called,  the  carbonic  acid  theory,  states  that  pure  water  and  oxygen  are  not 
sufficient  to  effect  corrosion,  but  that  at  least  a  trace  of  acid  must  be 
present.    This  theory  has  been  the  cause  of  a  great  deal  of  controversy  and  was, 
until  quite  recently,  the  theory  most  generally  upheld.    The  general  reaction 
may  be  expressed  by  the  following  equation: 


2Pe  +  2H2CO3  =  2FeC03  +  Z&z 
2FeC03  +  5HQH  +  0  =  2Fe(0H)3  +  2HeC03 

The  cycle  represented  here  for  the  carbonic  acid  may  be  carried  out  by 

any  other  acid  as  well,  but  because  of  the  presence  of  carbon  dioxide  in  the 

atmosphere,  carbonic  acid  has  been  most  generally  considered.    These  reactions 

8  9 

first  expressed  by  Calvert  have  been  very  ably  defended  by  Friend    and  Moody 

in  recent  years  §  both  of  these  men  concluding,  as  a  result  of  very  careful 

experiments,  that  pure  iron  cannot  rust  in  the  presence  of  pure  water  and  oxygen 

10 

alone.    Lambert  and  Thompson     from  the  results  of  experiments  with  most  ingen- 

6.  Friend  -  The  corrosion  of  iron  and  steel  -  p. 34. 

7.  Friend  -  Chemical  News  103,  138. 

8.  Corrosion  of  Iron  &  Steel. 

9.  Proc.  Chem.  soc.  1906,  22,  101. 
10.  Brans.  Chem.  Soc.  1910,  97,  2426. 
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ious  apparatus  have  come  to  the  same  conclusion.    Opposed  to  this  is  the  work 

11  12 

of  Dunstan,  Jewett  and  Goulding     and  Whitney     who  conclude  from  a  long  series 
of  careful  experiments  that  the  presence  of  an  acid  is  not  essential.    The  first 
three  of  these  men,  have  suggested  another  explanation  which  is  expressed  in 
the: 

III.  Hydrogen  Peroxide  Theory. 

13 

This  theory  was  first  promulgated  by  Traube  in  1885  and  states  that 
hydrogen  peroxide  is  formed  as  an  intermediate  product  in  accordance  with  the 
following  equations ;- 

Fe  +  HCH  =  FeO  +  2H 
2H  +  Os  m  EzQz 
2FeO  +  H2O2  =  Feg0g(CK)2  (rust) 
The  excess  H2Q2  then  attacks  the  free  iron:- 
Fe  +  HfcOg  =  FeO  +  H2O 


The  inhibit ive  action  of  alkalies  and  chromic  acid  is  explained  by  their 

ability  to  decompose  the  HsOe«    Some  confirmation  also  seemed  to  be  gained  from 

the  fact  that  delicate  tests  for  H2O2  had  been  obtained  in  the  oxidation  of  zinc 

14 

and  other  metals.    This  theory  has  been  criticized,     however,  and  it  has  been 

pointed  out  that  although  alkalies  and  chromic  acid  may  decompose,  they  would 

15 

not  prevent  the  formation  of  H2O2  and  no  test     even  with  the  most  delicate  re- 
agents, has  revealed  the  presence  of  H2O2  in  the  rusting  of  iron.    Moreover  with 
the  above  explanation,  all  strong  oxidizing  agents  should  possess  an  inhibitory 
charactdr,  Tnhich  is  not  the  case, 

16 

The  theory  now  most  generally  accepted  is  the  one  sponsored  by  Whitney. 

11.  Trans.  Chem.  Soc.  1905,  87,  1548.  16.  Whitney  -  J.A,C.S.  25,  394-406. 

12.  Jour.  4m.  Chem,  Soc.  1903,  25,  394.  — 

13.  Ber.  18,  1881. 

14.  Divers  -  Proc.  Chem.  Soc.  21,  251. 
Moody  -  Jour.  Chen,  soc,  877  90,  720. 

15.  Cushman  -  Corrosion  &  Preservation  of  Tron  z.  g».00i  -  r  40, 
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IV  •  The  Electrolytic  Theory. 

This  theory  is  in  accord  with  the  modern  theory  of  solutions  and 
assumes  that  before  iron  can  oxidize  in  the  wet  way  it  must  first  pass  into 
solution  as  a  ferrous  ion.    water  is  assumed  to  "be  an  electrolyte  which  ionizes 
thus: 

HQH  =  H*  +  (IT 

When  a  strip  of  pure  iron  is  suspended  in  pure  water  a  small  amount  will 

dissolve  passing  into  solution  as  Fe+*  ions  and  an  equivalent  amount  of  H*  ions 

will  loose  their  charge  and  be  deposited  as  a  gaseous  film  on  the  surface  of 

the  metal.    Virtually,  a  solution  of  Fe(CE)2  is  obtained,  but  equilibrium  is 

very  soon  set  up  unless  there  is  some  means  of  oxidizing  and  precipitating  the 

Fe(CH)B  and  allowing  more  iron  to  come  into  solution. 

It  is  not  hard  to  reconcile  Friends'  contention,  that  at  least  a  minute 

quantity  of  acid  must  be  present  in  the  solution,  with  the  electrolytic  theory 

because  according  to  the  dissociation  theory,  even  the  purest  water  contains 
17 

free  hydrogen    ions  to  the  extent  of  about  1  gram  in  10,000,000  liters  and  to 

that  extent  it  is  an  acid. 

It  is  generally  conceded  that  oxygen  is  essential  for  the  corrosion  of 

iron  and  when  the  dissolved  oxygen  in  the  water  proves  insufficient,  it  seems 

very  probable  that  oxygen  containing  salts  such  as  sulfates  would  be  a  source 

of  the  necewsary  oxygen.    The  sulfates  upon  complete  reduction  to  sulfides 

would  unite  with  the  iron  setting  up  potential  differences  which  would  further 

18 

promote  corrosion.     Eecent  experiments  by  Clark     brought  him  to  the  conclusion 

that  sulfates  were  reduced  to  the  sulfide.    The  work  of  the  writer,  while  con- 
firming the  reduction  of  sulfates,  leaves  some  doubt  as  to  the  demonstration  of 
a  reduction  to  sulfide. 

17.  Cushman  -  Corrosion  &  Pres.  Fe  &  Steel  -  p.41. 

18.  Clark,  F.R.  Thesis  1919. 
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Part  III. 

In  natural  waters  containing  carbonates  of  calcium,  magnesium  and 
sodium,  these  salts  are  present  as  the  bicarbonate  or  acid  carbonates  and  are 
entirely  soluble.     It  -was  formerly  assumed  that  when  these  waters  were  used 
for  boiler  purposes  the  bicarbonate  was  converted  merely  to  the  normal  car- 
bonate » 

2HaHC0s  =  HagC03  +  CO2  +  H2O 

19 

The  results  of  more  recent  work  have  indicated  a  further  decomposition 
to  caustic  soda: 

UagCOs  ♦  HgO  m  UaEC03  +  NaQH 
20 

Prom  more  recent  work    it  appears  that  in  boilers  working  below  100 
lbs.  pressure,  this  conversion  to  caustic  soda  is  not  great,  but  as  the  pressure 
rises,  the  conversion  is  more  pronounced  and  at  200  lbs.  pressure  it  is  quite 
marked.    It  is  further  pointed'  out  that  if  the  reaction  took  place  according 
to  the  equations  given,  the  liberated  carbon  dioxide  most  accumulate  to  the 
point  of  saturation  in  the  condensed  water,  in  the  case  of  condensing  engines. 
A  gallon  of  water  at  normal  temperatures  will  dissolve  about  4500  cc.  of  CO2 
but  the  examination  of  several  hundred  samples  of  condensed  water  did  not  show 
over  100  cc.  of  CO2  per  gallon  and  in  most  cases  this  figure  was  high.  The 
argument  that  the  CO2  being  a  gas  escapes  with  the  air  from  the  "condensing 
cycle"  does  not  seem  to  hold  for  two  reasons: 

1.  The  condensed  water  is  always  found  to  be  nearly  saturated  with 
free  oxygen  which  is  much  less  soluble  in  water  than  carbonic  acid. 

2.  Carbon  Dioxide,  up  to  the  point  of  saturation,  (4500  cc.  per  gallon) 
forms  a  chemical  compound  (H2CO3)  with  water  which  is  not  readily  decomposed 

19.  Parr  -  Bull.  Ho.  94,  Eng.  Exp.  Sta.  University  of  Illinois, 

20.  Paul,  J.H.  -  Boiler  Chemistry  and  Peed  Water  Supplies. 
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*below  the  saturation  point. 

From  this,  four  facts  appear  for  consideration: 

1.  The  destruction,  partial  or  total,  of  the  carbonate  of  soda. 

2.  The  disappearance,  partial  or  total  of  the  CO2. 

3.  The  appearance  of  caustic  sods. 

4.  The  constant  presence  of  oxygen  in  sufficient  quantity  to  keep 

the  condensed  water  saturated  which  is  remarkable  as  the  steam 
is  condensed  in  a  vacuum. 

The  presence  of  free  oxygen  may  be  ascribed  to  the  make-up  water  which 
may  be  saturated  with  oxygen,  but  the  make-up  water  constitutes  only  3%  of  the 
condensate  which  is  always  saturated  and  besides  there  is  always  an  escape  of 
air  or  gas  containing  oxygen.    It  seems  more  than  probable  that  this  excess  of 
oxygen  must  come  from  the  decomposition  of  the  sodium  carbonate. 

The  appearance  of  caustic  soda  and  oxygen  with  the  disappearance  of 
carbon  dioxide  would  point  to  a  rearrangement  of  the  molecule  of  sodium  carbon- 
ate thus: 

Na^Os  +  HCE  m  KaCHOc  +  KaOH  +  0. 

This  would  account  for  the  presence  of  O2  and  caustic  soda  as  well  as 
the  disappearance  of  the  COg.    If  this  reaction  has  taken  place,  the  carbonate 
water  -which  originally  won  Id  not  destroy  MnO*  should  do  so  now  as  the  formates 
are  strong  reducing  agents.    This  has  been  found  to  be  the  case,  as  nearly  all 
boiler  waters  do  reduce  KJflnO*.     This  has  hitherto  been  ascribed  to  organic 
matter  present  in  the  original  water,  but  formic  acid  is  an  organic  acid  and 
part  of  this  reducing  power  is  probably  due  to  formates  or  condensation  products 
of  formates  produced  in  this  way. 

From  this  point  of  view,  the  highly  corrosive  action  of  condensed  steam 
from  boilers  may  be  explained  by  the  presence  of  organic  acids  and  the  large 
amount  of  dissolved  oxygen. 
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III.  EXPERIMENTAL 
Part  1. 

In  carrying  out  the  testa  with,  the  various  alloys,  a  quantity  of  two 
waters,  obtained  from  the  same  source  as  stated  above  were  synthesized.  The 
first  according  to  an  analysis  obtained  from  the  files  of  the  Illinois  State 
Water  Survey  and  the  second  according  to  an  analysis  made  by  the  writer.  The 
first  sample  represents  the  most  corrosive  mine  water  that  could  be  obtained. 
The  analyses  are  given  below: 

Spring  Valley  #1 


Salt  Grains  per  U.S.  Gallon 

NaNOs  trace 

Nad  87.6 

Na3S0*  266.0 

MgS04  93.7 

caso*  103.2 

MgSO*  9.6 

FeSO*  143.4 

Al2)S04)3  168.8 

HsSO*  2.9 

895.2 

Spring  Valley  #2 

NaK03  .20 

NaCl  21.42 

NaeSO*  43.02 

(NlUJgSO*  .62 

MgSO*  58.50 

CaS04  110.50 

PeS04  12. 79 

FeCOs  5.49 

MnC03  1.17 

253.71 


An  effort  was  made  to  obtain  samples  offering  the  maximum  surface  area 
with  the  minimum  weight  of  specimen  in  order  to  remain  within  the  range  of  the 
analytical  balance.    The  dressing  down  of  the  specimen  was  rather  difficult  in 
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some  cases  due  to  the  extreme  hardness  of  the  alloy.    The  preliminary  dressing 
was  done  on  a  high  speed  emery  wheel  and  the  final  dressing  was  done  with  finely 
powdered  silica.    The  specimen  was  then  measured,  washed  with  water,  alcohol 
and  ether,  dried  in  an  oven,  cooled  and  weighed. 

During  the  treatment,  the  specimens  were  immersed  in  the  two  waters  con- 
tained in  hard  glass  beakers  set  in  am  empty  dessicator  to  prevent  evaporation. 
Boom  temperature  was  maintained  for  a  period  of  ei^iteen  days. 

At  the  end  of  that  time  the  specimens  were  removed,  cleaned  with  finely 
powdered  silica,  washed,  dried  and  weighed.    At  the  time  of  cleaning  the  speci- 
mens, the  writer  did  not  know  of  a  suitable  chemical  which  would  remove  the 
corroded  material  and  not  attack  the  metal,  hut  owing  to  the  extreme  hardness 
of  the  alloys,  it  did  not  seem  probable  that  cleaning  with  fine  silica  would 
cause  appreciable  abrasion. 

The  results  are  tabulated  below: 


Alloy 


Composition 


Silicon  -  86$ 
Durion  Iron       -  14$ 

Eardite  MC"  Silicon  -  iron 

"Bario"  Metal  unknown 

Probably  Silicon 
Iron 

"Monel"  Metal  Nickel  -  69$ 
Iron  -  1  $ 
Copper  -  30$ 

Gear  Metal "A"  Phosphor  Bronze 

"P.B."  Alloy   Phosphor  Bronze 


Loss  of  weight  in  Gms.  per  sq.  in. 
Spring  Valley                   Spring  Valley 
■       t1  #2 


.00534 
.00829 

.00311 

.00474 

.00861 
.01009 


.00383 
.00450 

.00091 

.00289 

.00068 
.00046 


In  no  case  was  there  any  pitting.    The  silicon  alloys  were  stained  dark 
in  spots  but  no  visible  corrosion  had  taken  place.    In  the  case  of  the  bronzes 
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in  the  alkaline  solution,  a  reddish  film  appeared  on  the  surface  suggesting 
that  the  copper  was  coming  to  the  surface. 

Part  II. 

The  plan  for  the  work  on  the  oxidizing  action  of  sulfates  was  to  treat 

granulated  iron  with  a  sulfate  solution  in  the  absence  of  air  and  to  determine 

any  increase  in  the  sulfur  content  of  the  iron.    A  preliminary  examination  for 

sulfur  was  made  on  granulated  iron  prepared  by  A.  Daigger  &  Co.  of  Chicago 

which  was  supposed  to  have  a  sulfur  content  not  to  exceed  0.007$.    The  method 

21 

of  analysis  was  that  used  by  Clark    in  previous  work  with  the  same  iron  and 
consisted  in  dissolving  the  iron  in  cone.  HC1  and  collecting  the  evolved  HeS 
in  a  standard  iodine  solution  and  then  titrating  the  excess  iodine  with  stan- 
dard NagSje03  solution.    With  this  method  the  writer  was  unable  to  obtain  check 
results  and  the  method  was  given  up  as  unreliable.      In  order  to  drive  off  the 
last  portions  of  the  HgS  it  is  necessary  to  heat  the  solution  to  boiling.  Even 
with  cooling,  some  of  the  HC1  is  carried  over  and  more  or  less  of  the  iodine  is 
volatilized  during  the  passage  of  the  gases. 

22 

Using  the  ammoniacal  cadmium  chloride  method,    however,  a  number  of  check 
results  were  obtained  showing  the  iron  to  have  sulfur  content  of  0»H8$.  To 
determine  the  action  of  the  sulfate  on  iron,  one  liter  of  a  solution  of  4.50  ©ns. 
of  FeSO^THgO  in  boiled  distilled  water  (corresponding  to  the  FeSO*  concentra- 
tion of  Spring  Valley  So.  1)  was  placed  in  a  2  1/2  liter  bottle  with  1  gat.  of 
granulated  iron,  and  the  air  replaced  with  COe*    The  solution  was  now  shaken  in 
a  reciprocating  shaking  machine  for  24  hours.    Quite  a  quantity  of  the  green 
hydroxide  of  iron  was  formed  but  several  attempts  showed  it  to  be  almost  impos- 
sible to  filter  the  precipitate  of  semi -colloidal  hydroxide  and  iron  in  order  to 

21.  Clark,  F.E.  Thesis  1919. 

22.  Treadwell-Hall  -  vol.  2,  p. 850. 


determine  the  sulfur  content. 

This  difficulty  together  with  the  fact  $hat  no  iron  guaranteed  U.S. P. 

could  be  obtained  induced  the  writer  to  proceed  in  another  manner.    The  procedure 

outlined  above  was  followed  with  the  exception  that  an  excess  of  iron  (20  gms) 

23 

was  used  and  a  determination    of  the  sulfate  content  of  the  solution  was  made 
before  treatment  and  after  treatment;  the  solution  being  allowed  to  settle  for 
24  hours  before  the  final  sample  was  taken  for  analysis.    More  satisfactory  re- 
sults were  obtained  by  this  method,  but  it  was  found  that  the  COs  in  saturated 

24 

solution  seemed  to  react  with  the  iron  to  form  a  hydroxide     and  so  some  nitrogen 
was  prepared  and  used  as  an  atmosphere.     Various  concentrations  of  sulfates 
were  used  and  other  salts  were  added  to  determine  their  effect  upon  the  reaction. 
The  results  are  tabulated  below. 

It  was  suggested  that  some  of  the  sulfate  might  be  carried  down  as  a 
basic  iron  sulfate,  but  an    analysis  of  the  precipitate  showed  sulfates  to  be 
absent • 

It  was  also  suggested  that  the  BaCle  might  be  occluding  some  of  the  iron 
present,  but  blanks  run  along  with  the  other  analyses  showed  this  not  to  be  the 
case. 

A  tabulation  of  the  results  follows: 


23.  Treadwell  -  Hall  j2,  p. 464. 

24.  Paul  -  Boiler  Chemistry  &  Feed  Water  Supplies  pp. 147-178 
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Atmosphere  Composition 
of  solution 


Concentration 
per  liter 
(approx) 


Sulfate  cone, 
before  treat- 
ment 
(ppts.  per  m.) 


Sulfate  cone.    %  reduc- 
after  treat-     tion  of 
ment  sulfate . 


C02 

FeSO^.THsO 

4.50 

1528.92 

1500.16 

1.88 

ft  J\ 

C02 

FeSQ^./HeO 

4.50 

1565.91 

1541 .25 

1.57 

Nitrogen 

PeS04.7HgO 

4.50 

1602.90 

1493.16 

6.84 

n 

FeSOi.THeO 

4.50 

1568.78 

1439.73 

8.27 

H 

FeSO^THjeO 
NaCl 

4.50 
1.50 

1570.02 

1402.74 

10.65 

tt 

FeS04.7HeO 
NaCl 

MgSO^.THeO 

4.50 
1.50 
3.30 

2620.13 

2480.39 

5.33 

n 

FeS0*.7H£0 
HaCl 

MgSOi*7HeO 

HaeSO^ 

Na£S04 

4.50 
1.50 
3.30 
2.50 
6.71 

4414.14 
4864.19 

4198.36 
4765.54 

4.89 
2.17 

It  will  be  noted  that  the  most  rapid  reduction  takes  place  when  an  iron 
salt  is  in  solution  in  the  presence  of  an  electrolyte,  and  that  the  reduction  is 
much  slower  when  only  a  sulfate  and  the  iron  are  present.    Too  high  a  concentra- 
tion of  salts  in  the  solution  also  seems  to  have  an  inhibitory  effect  upon  the 
corrosion  of  the  iron. 

Part  in. 


In  the  examination  of  local  boiler  waters  for  the  presence  of  formates, 
four  waters,  each  from  a  different  source  were  obtained.    The  alkalinity  of  both 
the  raw  and  boiler  water  was  obtained  and  the  reducing  power  toward  KMnO*  was  ob- 
served.   As  a  direct  test  for  formic  acid,  a  500  cc.  portion  of  the  boiler  water 
was  neutralized  with  HeSO*  and  (AgJgSQ*  added  to  precipitate  any  chloride  present. 
The  filtrate  was  then  slightly  acidified  with  H3PG4  and  distilled  over.    The  first 
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100  co«  of  the  distillate  was  rejected  in  case  it  should  contain  H2CO3  and  the 
next  300  cc.  of  the  distillate  examined  for  acid. 

The  results  are  tabulated  "below: 


Sample  Alkalinity  Reducing  Power  Acidity 

phenol-      Methyl     c.c.  KMnO* 
 -phthalein     orange  20  


II 0  •  X 

Feed  water 

00 

ppm. 

374  ppm. 

Boiler 

pressure 

Boiler  water 

670 

1125 

•1 

i.yo  cc. 

per 

~ 

iiU  XDS. 

50  cc. 

water 

V 1 S  v  X  i.  Ha  A»  e 

Tin  9 

350 

•1 

Boiler 

pressure 

Boiler  water 

936 

it 

1446 

it 

1.30  cc. 

per 

100  lbs. 

50  cc. 

water 

Distillate 

Ho.  3 

Peed  water 

320 

11 

Boiler 

pressure 

Boiler  water 

610 

11 

950 

it 

0.90  cc. 

per 

90-100 

50  cc. 

water 

lbs. 

Distillate 

no.  4 

Peed  water 

320 

n 

Boiler 

pressure 

Boiler  water 

660 

11 

960 

11 

1.G0  cc. 

per 

175-85 

50  cc. 

water 

lbs. 

Distillate 

Reduced  small  Middle 

300 

amt.  of  wn.04,  neutralized 
1.40  K__  IJaOH 

20 


With  the  exception  of  Ho.  4  the  presence  of  formates  in  the  boiler  water 
appears  doubtful.    The  boiler  waters  do  reduce  KMnQt,  but  as  no  acid  was  obtained 
on  distillation  in  the  first  three  cases,  this  might  be  attributed  to  the  pre- 
sence in  the  feed  water  of  small  amounts  of  organic  matter  which  had  beex  concen- 
trated in  the  boiler  and  converted  to  a  form  which  would  reduce  KMnO*. 

It  will  be  noted,  however,  that  in  the  case  of  no.  4  where  a  KMnO*  reducing 
acid  was  obtained,  that  the  boiler  pressure  was  considerably  higher  than  in  tie 
other  cases. 
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As  no  other  "boiler  waters  from  boilers  working  at  high  pressure  were 
available,  high  pressure  boiler  conditions  were  simulated  by  the  use  of  a  small 
copper-lined  autoclave.    In  the  first  run  a  solution  of  about  3  gms.  of  K&2CO3 
per  liter  of  distilled  water  was  used;  thus  precluding  the  entrance  of  any  or- 
ganic matter.     The  pressure  varied  from  about  90  lbs.  to  175  lbs.  for  a  period 
of  72  hours.   She  mean  temperature  was  about  180°0. 

It  was  found  that  50  cc  of  ttiis  treated  solution  when  acidified,  would 

reduce  about  9.0  co.  of  N_  KMnO*. 

20 

A  500  cc.  portion  of  this  solution  was  neutralized  with  HgSO^  and  treated 
with  (AgJsiSO*,  filtered,  acidified  with  E3PO4  and  distilled. 

Separate  portions  of  15  cc,  85  cc,  and  300  cc.  respectively  were  collected 

The  solution  up  to  that  point  had  a  constant  boiling  temperature  of  102°C.  The 

reducing  power  of  the  first  15  cc  was  tested  and  it  was  found  to  reduce  1.5  cc. 

of  H__  KMnO*. 
20 

50  cc  of  the  85  cc  portion  neutralized  1.80  cc.  of  N__  NaOH  and  reduced 

20 

2.50  cc  of  II_  KM11O4.    100  cc.  of  the  300  cc  portion  neutralized  1.70  cc.  of 
20 

H    ttaOH  and  reduced  1.50  cc.  of  KMnQj,. 
20 

Some  of  the  acidity  of  the  first  portions  of  the  distillate  might  be 
attributed  to  carbonic  acid,  but  the  reducing  power  must  have  been  due  to  the 
presence  of  some  oxidizable  compound  and  the  reducing  properties  of  the  acid  dis- 
tilling over  after  all  the  H2CO3  must  have  been  removed,  indicate  strongly  the 
presence  of  formic  acid. 

Another  run  using  a  concentration  of  about  12  gns.  of  Ha^COs  per  liter  was 
made.    The  pressure  was  maintained  fairly  constant  at  about  200  lbs.  with  varia- 
tion, for  short  periods,  of  from  23-30  lbs.  on  either  side.    The  temperature 
averaged  about  195°C.    At  the  end  of  72  hours  the  autoclave  was  allowed  to  cool 
and  a  500  cc  portion  of  the  solution  was  treated  as  described  above  and  distilled 
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The  first  portions  of  the  distillate  had  a  penetrating  odor  resembling  formic 

acid  or  formal ia  -which,  was  strong  enough  to  irritate  the  passages  of  the  nose 

and  throat.    The  first  50  cc.  neutralized  7.0  cc.  of  g   HaOH  and  reduced  14.0 

20 

co.  of  N    KMnOt*    The  middle  500  cc*  of  the  distillate  neutralized  10  cc*  of 
20 

N/20  UaOH  and  reduced  somewhat  over  20  cc.  of  n/20  KMnQ*. 

These  more  positive  results  were  what  had  been  expected  from  the  use  of 
higher  pressures  and  greater  concentration  and  they  seem  to  indicate  claarly  the 
dissociation  of  N3.sC03  under  boiler  conditions  into  other  products  than  caustic 
alkali  and  carbon  dioxide. 
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I?.  SUMMARY  A1TD  CONCLUSIONS 

I.  Test  plates  of  six  alloys  were  treated  with  two  synthesized  mine 
waters  and  the  corrosion  per  unit  area  determined.      The  results  show  that 
each  of  the  metals  would  be  suitable  for  the  purpose  as  far  as  corrosion  re- 
sisting properties  indicate,  but  the  cost  of  the  different  alloys  would  be  the 
determining  factor. 

II.  Granulated  iron  was  treated  with  solutions  freed  from  dissolved 
oxygen  and  containing  sulfates  in  varying  quantity  in  the  presence  and  absence 
of  other  electrolytes. 

The  results  show  that; 

1.  Sulfates  are  a  source  of  oxygen  for  corrosion,  but  are 
potentially  so  only  when  free  oxygen  is  absent. 

2.  The  presence  of  an  electrolyte  will  hasten  the  reaction, 
but  a  high  concentration  of  salts  in  solution  has  an 
inhibitory  action. 

III.  Four  boiler  waters  from  boilers  using  a  HaHCCte  feed  water,  and 
solutions  of  NagG03  treated  with  pressure  in  an  autoclave  were  examined  for  the 
presence  of  formates. 

The  results  of  the  examination  show: 

1.  The  feed  waters  did  not  reduce  KMnO*. 

2.  The  boiler  waters  and  treated  NagCOs  solutions  all  reduced 
KMnCU  to  a  greater  or  less  extent.    This  reducing  power,  in 
the  case  of  the  NafiCOs  solutions  at  least,  was  not  due  to  the 
presence  of  organic  matter. 

3.  The  high  pressure  boiler  water  and  the  treated  Na2C03  solutions 
contained  a  volatile  acid  which  reduced  KMnO*. 
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From  these  results,  it  seems  very  probable  that  at  pressures  above  150 
pounds,  and  more  rapidly  at  greater  pressures,  sodium  carbonate  is  dissociated 
into  sodium  hydroxide,  oxygen  and  sodium  formate. 
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